is considered to serve as a cell defence reaction 1. Activities, contents and true specific activities of superoxide dismutase (SOD) were determined in human erythrocytes of 105 normal healthy subjects.
1. Activities, contents and true specific activities of superoxide dismutase (SOD) were determined in human erythrocytes of 105 normal healthy subjects.
2. The mean SOD activity assayed by the inhibition of xanthine autoxidation was 11-0 x lo3 units/g of haemoglobin (Hb).
3. The mean SOD content assayed by an immunochemical method was 456 pg/g of Hb.
4. Both activity and content of SOD showed normal distributions, and no significant variations with regard to sex and age were detected.
5.
A highly positive correlation between activities and contents of SOD was observed in normal healthy subjects (r = 0.77, P < 0.001).
6. True specific activity was calculated from against the potentially harmful effects of superoxide anions generated by a wide variety of biological reactions. Since the significance of this enzyme was described by McCord & Fridovich have not yet been performed in detail. In this report, the activity, content and true specific activity of SOD in human erythrocytes were simultaneously determined in 105 normal healthy subjects and the applicability of true specific activity of SOD is discussed. levels of act&ity and content of SOD. The mean true specific activity of SOD in human erythroIntroduction plasma -and erythiocyte fractions. Erythrocyte fractions were washed with saline three times and stored in a freezer at -8OOC until examination. Tetrazolium by SOD into a blue tetrazolium salt, mediated by superoxide radicals which were generated by xanthine oxidase. The assay was performed in 3 mi of sodium carbonate buffer (50 mmol/l; pH 10.2) containing xanthine (0-1 mmol/l), Nitro Blue Tetrazolium (25 pmol/l) and xanthine oxidase (5-8 nmol/l). The amount required to inhibit the rate of reduction of Nitro Blue Tetrazolium by 50% was defined as 1 unit of activity. The assay was performed at 25°C and the rate of reduction was followed at 560 nm with a Hitachi (Tokyo, Japan) model 200-20 spectrophotometer.
Determination of SOD content
Human erythrocyte SOD was purified by the method described by McCord & Fridovich [ 11. This preparation was confirmed to be homogeneous by polyacrylamide-gel electrophoresis. For raising antiserum in rabbits, the purified SOD was injected subcutaneously as a waterin-oil emulsion in Freund's complete adjuvant, and it was boosted 4 times, once a week. The amounts of purified SOD used for immunizing the rabbits were 1.6 mg per animal. The specificity of the antiserum obtained against cytoplasmic SOD was checked by the agar-gel double-diffusion test. This antiserum was used for the present investigation. SOD content was determined by the immunodiffusion method described by Mancini et al. [81. SOD content was assayed on simple lysates of erythrocytes. A standard curve was obtained with purified SOD.
Determination of SOD true spec@ activity
True specific activity means the activity per pg of enzyme. We estimated it from the values of activity and content of SOD by the following calculation:
SOD true specific-activity unitslpg of SOD SOD activity (units/g of Hb)
SOD content (pg/g of Hb)
--
Inhibition of SOD by cyanide
Cyanide was added to samples at various concentrations (0.01-0.1 mmol/l); these samples were incubated for 30 min at 25"C, and then assayed by the two methods described above.
Results

Determination of SOD activity in human erythrocytes
SOD activities of human erythrocytes were determined in 124 normal healthy Japanese aged from teens to eighties. SOD activity showed a normal distribution, and no significant variations were detected with regard to sex and age (Figs. 1  and 2 ). Mean SOD activity was 11.0 x lo3 units/g of Hb, with SD 1.44 x lo3 units/g of Hb.
Determination of SOD content in human erythrocytes
SOD contents were determined in the same samples (104 samples out of 124) as those used for the determination of SOD activity. SOD content also showed a normal distribution, and no significant variations were detected with regard to sex and age ( Figs. 1 and 2) . Mean SOD content was 456 pg/g of Hb, with SD 45.7 pg/g of Hb.
Relationships between SOD activity and SOD content
A highly positive correlation was observed in normal healthy subjects between SOD activity and SOD content ( r = 0.77, P < 0.001) (Fig. 3) . (Table 1) .
Discussion
The average value of SOD activity (+SD) determined by the method described was 11.0 (k1.14) x lo3 units/g of Hb. This method has such a high sensitivity and specificity that we can measure small changes in SOD value. This method therefore seems to be more suitable for clinical work than those reported previously [ 11. In our experiments, we used packed red cells and we express both activity and content of SOD per g of Hb. In some experiments previously reported 112, 131, whole blood was used for the assay of blood cell enzymes. This procedure does not seem to provide accurate values, since H b SOD specific activity in the liver, a very small decrease in specific activity in the heart, and no decrease in the brain, in aged rats and mice. Furthermore, they also showed that the true specific activity of the 'old' cytoplasmic SOD, i.e. obtained from livers of old rats, amounts to about 40% of the 'young' enzyme in purified enzyme fractions [ 171. In human erythrocytes, we confirmed no significant difference in true specific activity between young and old subjects. Fig. 4 showed the effect on SOD activity and content after the addition of KCN to the sample. With KCN at 0.1 mmol/l approximately 90% of SOD activity was inhibited, while the content of SOD determined by our method was unaffected. Some red-cell enzymes lose their activity in diseases despite normal enzyme contents. Shapira et al. [ 181 discovered enzymically inactive carbonic anhydrase B in red blood cells in a family with renal tubular acidosis. Our normal values for SOD true specific activity in erythrocytes could be applied to the study of such inactive forms of the enzyme in various diseases.
